We report a case of bacteremia in puppies caused by Streptococcus dysgalactiae subsp. dysgalactiae. Identification was achieved by phenotypic and molecular genetic methods. This is the first report of the recovery of S. dysgalactiae subsp. dysgalactiae from dogs.
A 2-year-old Great Dane bitch that was housed at a breeding kennel gave birth at second parturition to eight puppies after normal gestation and parturition. However, one puppy died within 24 h of birth, five puppies died between 24 and 48 h, and the other two puppies died after 72 h of life. All puppies died suddenly without previous clinical signs of disease. The two puppies that died 72 h after birth were sent to the hospital of the Veterinary School at Complutense University in Madrid for necropsy. Postmortem examination showed irregular consolidation areas in the cranioventral region of the lungs and congestion in most of the internal organs. Samples from the lungs, livers, spleens, thymuses, and brains of both puppies were collected under aseptic conditions and submitted to the Microbiology and Pathology Laboratories for microbiological and histopathologic studies. Reports of previous reproductive disorders were absent, and the hygienic and sanitary conditions of the kennel were adequate. Animals in the kennel were annually revaccinated against canine distemper virus, canine parvovirus, canine adenovirus, canine parainfluenza virus, canine coronavirus, leptospirae, and Bordetella bronchiseptica. The dam had received this preventive vaccination program, and she was correctly dewormed.
Microbiology and identification. Clinical samples were surface plated on Columbia blood agar (bioMérieux España, s.a.) and incubated for 48 h at 37°C under aerobic and anaerobic conditions. Biochemical characterization was achieved using the commercial Rapid ID32 Strep and API 20 Strep systems (bioMérieux España s.a.) according to the manufacturer's instructions. Lancefield serological group reaction was determined with the commercial Slidex Streptokit (bioMérieux España s.a) by following the manufacturer's instructions. CAMP reaction with Staphylococcus aureus CECT 4013 was also determined on sheep blood agar plates (9) . Gram-positive, catalase-negative, facultative anaerobic coccus-shaped organisms were isolated in pure culture from all clinical samples taken from the two puppies with neonatal septicemia. Bacterial colonies grew on sheep blood agar as beta-hemolytic, small (0.5-to 1-mm), gray colonies after 24 h of incubation at 37°C. The 10 isolates (designated 69/02P to 78/02P) were catalase and CAMP test negative and gave a positive reaction for Lancefield group C but negative reactions for the other Lancefield groups tested. All isolates displayed identical biochemical profiles (numerical code, 15112061110) with the Rapid ID 32 Strep commercial system that corresponds to a doubtful identification of Streptococcus dysgalactiae subsp. equisimilis. The numerical profile with the API 20 Strep test was 0463417, corresponding to a doubtful discrimination between Streptococcus group L and S. dysgalactiae subsp. equisimilis.
Comparison of the 16S rRNA gene sequences of bacterial species is a very powerful approach to confirm the identities of clinical isolates by conventional phenotypic methods (4, 20, 21) . Molecular phylogenetic characterization of the clinical isolates was performed by sequencing fragments of the 16S rRNA gene of each isolate as described previously (6) . The determined sequences, which consisted of the almost complete 16S rRNA gene sequences (Ͼ1,400 nucleotides), revealed that the 10 isolates were genotypically identical (100% sequence similarity), with Streptococcus dysgalactiae subsp. dysgalactiae (99.5%) (GenBank accession number AB102730) and S. dysgalactiae subsp. equisimilis (99.4%) (GenBank accession number AB104839) as the closest phylogenetic relatives.
DNA-DNA hybridization experiments among two clinical isolates (71/02P and 74/02P T ) and the type strains of S. dysgalactiae (NCTC 4335) and Streptococcus equi (ATCC 33398 T ) were carried out according to the method of De Ley et al. (8) with the modification described by Huss et al. (12) . The two puppy isolates displayed 98.3% DNA relatedness to each other, demonstrating that they are members of the same species. Reassociation values for the clinical strain (71/02P) with respect to S. dysgalactiae (NCTC 4335) and S. equi (ATCC 33398 T ) were 93.2 and 36.9%, respectively, while the reassociation value between the strains NCTC 4335 and ATCC 33398 T was 37.1%. DNA-DNA reassociation is considered the standard method for differentiating species, with DNA-DNA similarities of 70% or higher being considered the threshold value for the definition of bacterial species (23) . The chromosomal DNA-DNA reassociation identified the puppy clinical isolates as S. dysgalactiae. These results were consistent with that of 16S rRNA sequencing. To further clarify the relationship of the puppy isolates to established (19) S. dysgalatiae subspecies (dysgalatiae and equisimilis), comparative sodium dodecyl sulfate-polyacrylamide gel electrophoresis protein profiling was performed (14) . The protein patterns of all 10 isolates from dogs formed a single tight protein electrophoretic cluster (correlation level, approximately 95%), which grouped with the protein profiles of S. dysgalactiae subsp. dysgalactiae (correlation level, approximately 85%). The protein patterns of the puppy isolates were significantly different from the profiles of S. dysgalactiae subsp. equisimilis, matching at less than 70% of residues (data not shown). The sodium dodecyl sulfatepolyacrylamide gel electrophoresis protein profiling results, together with the 16S rRNA gene sequencing and chromosomal DNA-DNA pairing data, clearly identified the puppy isolates as S. dysgalactiae subsp. dysgalactiae.
The clinical isolates were also genetically characterized by pulsed-field gel electrophoresis (PFGE) according to the specifications of Vela et al. (22) . The restriction enzymes ApaI (Promega Co., Southampton, United Kingdom) and SmaI (MBI Fermentans, Vilnius, Lithuania) were used according to the manufacturer's recommendations. These enzymes have been successfully used for the molecular typing of S. dysgalactiae isolates (1). All puppy isolates displayed undistinguishable PFGE macrorestriction patterns with both ApaI and SmaI restriction enzymes (data not shown), which is indicative of the idea that all clinical isolates represent a single strain that was present in all tissues examined.
For histopathologic studies, tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, cut in 4-m sections, and stained with hematoxylin and eosin and a tissue Gram stain. These sections were examined by light microscopy for evidence of inflammatory and degenerative lesions and for the presence of a bacterium with morphology consistent with that of members of the genus Streptococcus. Histological examination of the lungs of both puppies showed a hemorrhagic lobar pneumonia (Fig. 1A ) with leukocytoclastic vasculitis (Fig. 1B) composed mainly of neutrophils and macrophages, which is indicative of the existence of a pneumonic process. Gram-positive cocci were observed in the pulmonary bronchioles and alveoli. Congestion and microscopic hemorrhages were the more prominent findings in other organs studied.
Discussion. Episodes of neonatal mortality occur in many dog breeding kennels and are related to different factors, such as management conditions, malnutrition, congenital abnormalities, parasitism, and infectious diseases (7) . Bacterial infections are one of the major causes of neonatal deaths in many dog-breeding kennels (11) . Factors that predispose a puppy to bacterial infections include endometritis in the bitch, a prolonged delivery or dystocia, vaginal discharges, and environmental exposure. Such infections may lead to diarrhea, pneumonia, peritonitis, septic arthritis, septicemia, and other clinical conditions which are usually debilitating and are often fatal. Staphylococci and gram-negative bacteria, especially Staphylococcus aureus and Escherichia coli, are the most common bacteria associated with systemic infections in newborn puppies (16) . In addition to these microorganisms, different species of beta-hemolytic streptococci have been associated with neonatal septicemias in puppies (11, 15, 17) . Streptococcus canis is the species most frequently identified from cases of septicemia in newborn puppies, but other species of betahemolytic streptococci, such as Streptococcus agalactiae or Streptococcus equi subsp. zoopeidemicus, have also been implicated (11) . These species of streptococci have also been associated with other different sporadic and opportunistic infections in dogs, such as otitis, abscesses, necrotizing fasciitis, toxic shock syndrome endocarditis, wound infections, acute necrotizing hemorrhagic pneumonia, and canine infectious respiratory disease (2, 5, 10, 15, 24) . However, apart from these three well-recognized species, many streptococcal isolates are identified only to the genus level (13, 17) , which limits the knowledge of the diversity of species associated with septicemia in newborn puppies. We report the first isolation of S. dysgalactiae subsp. dysgalactiae from dogs. In the present case, S. dysgalactiae subsp. dysgalactiae was isolated in pure culture from all the organs examined in both puppies, which, together with the histopathologic data, strongly suggests that S. dysgalactiae subsp. dysgalactiae was responsible for the neonatal mortality episode. Although the disease was bacteriologically confirmed only in two out of the eight puppies which died and no bacteriological analysis was performed on the other animals of the same litter, it is reasonable to assume that S. dysgalactiae subsp. dysgalactiae was also responsible for the disease in the other affected puppies. Canine herpesvirus infections are also a common cause of neonatal mortality in puppies (18) . Nevertheless, the histological studies did not reveal the existence of multifocal necrosis with intranuclear inclusion bodies in liver, spleen, or kidney, which is characteristic of neonatal canine herpesvirus infections (18) . These results reinforce the clinical significance of the isolations. Despite this, it must be pointed out that all affected puppies came from a single disease episode, and there is no clear evidence for considering S. dysgalactiae subsp. dysgalactiae as a consistent pathogen for dogs. Factors that predispose puppies to neonatal bacteremia and septicemia include malnutrition, incomplete developed thermoregulatory capacity, stress, or low birth weight (7) . None of these specific factors were observed in the present study. The fact that the same streptococcus was isolated in both puppies also suggests a common source of infection. Beta-hemolytic streptococci can be isolated as normal flora of the urogenital tracts of dogs (3) . Therefore, contamination of the puppies during the delivery may be the most likely origin of the infection.
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